Introduction: Appropriate management of patients with Alzheimer's disease (AD) helps preserve their independence and time at home. We explored physician behavior in the management of AD, focusing on diagnosis. Methods: Online questionnaires and patient record forms (PRFs) were created by an independent market research agency and completed by participating physicians. Physicians were recruited from France, Germany, Japan, the UK, and the USA. A sample of 1086 physicians was recruited, including general practitioners, geriatricians, neurologists, and psychiatrists. Physicians completed an online interview and 2-3 PRFs based on randomly selected records of their patients with AD. Data on triggers and
timing of diagnosis were captured. Data were assessed for all countries combined (global) and within each country and physician specialty. Results: A total of 3346 PRFs were submitted. Approximately half of patients received diagnosis within 6 months. There were large country differences. In France, only 35% of patients were diagnosed within 6 months compared to 65% in Japan. Physicians in France also reported diagnoses taking [ 9 months for a substantial number of patients (39%) compared with other countries (16-29%) . Caregivers were the main driver toward diagnosis. Physician suspicion of AD was a trigger for diagnosis in only 20% of cases, globally. Overall, referral rates were low (14-23%). Conclusion: This study suggests that detection and timely diagnosis of AD remains suboptimal. This highlights the importance of fostering awareness of early symptoms and education on the benefits of timely diagnosis, a critical step in initiating treatment as early as possible. 
Key Summary Points
Why carry out this study?
Increasing life expectancy is leading to a rise in the elderly population worldwide, which is enhancing the prevalence of neurodegenerative diseases, such as dementia.
Alzheimer's disease (AD) is the most common form of dementia and one of the main aims of clinical management of this patient population is to maintain good quality of life by preserving patient independence and time at home.
The aim of this study was to investigate the clinical management of AD today by providing an up-to-date picture of realworld, self-reported physician behavior focusing on the diagnosis of AD across five countries (France, Germany, Japan, UK and the USA).
What were the study outcomes/conclusions?
This study showed that approximately half of patients (n = 3346) received a diagnosis within 6 months. There were large differences between countries; in France, 35% of patients were diagnosed within 6 months compared to 65% in Japan. Caregivers were the main driver toward diagnosis. Physician suspicion of AD was a trigger for diagnosis in only 20% of cases, globally (i.e. across all participating countries).
What we learned from this study
The study showed that the process of diagnosing AD remains suboptimal, even in more developed counties, with a significant number of patients remaining undiagnosed for several months after initially presenting to a physician.
Future initiatives to improve diagnosis timelines such as tailored physician educational activities, public awareness campaigns and execution of the updated national dementia strategies are urgently needed.
INTRODUCTION
Rising life expectancy is contributing to a rapid increase in the number of people over 60 years of age worldwide [1] . This in turn is driving the increased prevalence of neurodegenerative diseases such as dementia [1] . In 2015, the number of people worldwide living with dementia was estimated to be 46.8 million; this number is expected to double every 20 years, to a forecast of over 130 million people in 2050, according to the 2015 World Alzheimer Report [1] .
Alzheimer's disease (AD) is a progressive and debilitating neurological disorder and the most common cause of dementia [2] . The implications of the disorder are both psychosocial [3] and economic [4] . The global societal economic cost of dementia was estimated to be US$818 billion in 2015, a 35% increase from the cost estimate for 2010, which was $604 billion [1] . Projecting forwards, it is estimated that this will have reached US$2 trillion by 2030 [1] . Around half of this increase in cost is due to the rise in the numbers of people with dementia and the other half is due to increases in per capita costs [1] .
One of the main goals of dementia management is to keep patients in their own homes for as long as possible [5] , while preserving their independence and ensuring that the levels of assistance required from caregivers remain minimal for as long as possible [6] . This goal serves to maintain patient quality of life and reduce the emotional and financial burdens on caregivers [7] [8] [9] . The burden to caregivers can be substantial given their indirect loss of productivity [8] , as well the emotional and psychological impact of caring for a patient with AD [9] . Moreover, daily care as a result of nursing home placement, which is often considered by families in the later stages of the disease, escalates cost for the society [10] . Delaying institutionalization is therefore a key aspect in AD management.
Cognitive capabilities are crucial for the daily functioning of patients with AD [11] ; thus, timely diagnosis and initiation of AD-specific treatment can be of benefit in this regard [12] . With disease progression, competencies essential for daily functioning decline and cannot be restored [13] . Moreover, the presence of underlying risk factors such as hypertension, diabetes mellitus, and a history of myocardial infarction can also contribute to the pathogenesis of neurodegeneration, and the development of frailty, in patients with AD [14] . The initiation of AD-specific treatment (such as donepezil or memantine) when the disease has substantially progressed may not lead to a considerable improvement with regards to daily functioning. Furthermore, the effectiveness of such treatments is generally modest, although previous literature has suggested that they have the greatest benefit when initiated early in the course of the disease [8, 12, 15] . Timely identification and treatment of AD has also been reported to result in significant cost savings [4, 16] .
The aim of this study was to explore physicians' behavior in the management of AD today, focusing on diagnosis and treatment. The first part of this report provides an up-todate picture of real-world physician behavior in the diagnosis of AD specifically (not including other types of dementia), as reported by physicians themselves, across five countries (France, Germany, Japan, the UK, and the USA) that have similar treatment guidelines for AD. The primary objective of part one was to provide a description of the physician's approach to the diagnosis of AD in each of the five participating countries. Part two will focus on the treatment of AD.
METHODS
All aspects of the research were performed by the independent primary market research agency, GfK. Because the study was based on market research data and non-interventional, it was not necessary to register it in a clinical trial database.
Physician Interviews
Participating physicians were identified and screened from global research networks of healthcare professionals, according to the predefined selection criteria below. Eligible physicians were required to have been board certified for at least 3 years at the time of study initiation, spend at least 75% of their working time on patient care (vs. administrative tasks) and see After physician questionnaires for online interviews and patient record forms (PRFs) were prepared, face-to-face pilot interviews were conducted in the UK in order to confirm the language and clarity of the questionnaire. Questionnaires and PRFs were then translated into study country languages and quality control checks were performed to confirm the accuracy of the translations. Physicians from an online panel were approached via email and were asked to indicate their consent to participate. If the physicians agreed to participate, they were checked for eligibility, using a screening questionnaire, before being directed to the online interview questions. The online interviews, which took 60-75 min to complete, were conducted with GPs, neurologists, geriatricians, and psychiatrists in France, Germany, Japan, the UK, and the USA. The data collected from the questionnaires during the online interviews were based on the physician's recollection. Each physician was asked to complete 2-3 PRFs, using data transcribed from their patient record database. The patient records used to complete the PRFs were selected at random. Individual data were captured from patients with mild cognitive impairment (MCI)/prodromal AD or mild or moderate AD, as assessed by physician judgment. Participating physicians were compensated for their time.
The first part of our publication reports physician demographics and practice details, involvement in diagnosis, triggers and timing for diagnosis, and tools used to confirm diagnosis.
Compliance with Ethics Guidelines
The survey followed national and international guidelines for the conduct of non-interventional studies. It adhered to globally accepted guidelines for the code of conduct on market research and pharmaceutical market research from the European Society for Opinion and Marketing Research [17] , the European Pharmaceutical Market Research Association [18] , and the Council of American Survey Research Organizations [19] . Because this was a non-interventional, market research study, approval by an institutional review board was not necessary. Survey responses were anonymized to preserve patient confidentiality and to avoid bias during the data collection and analysis phases.
Data Analysis
Data analyses were performed (1) for all countries combined (hereafter referred to as global data), (2) for each individual participating country, and (3) for each physician specialty, wherever possible. For the purpose of this study, no within-country analyses were conducted.
Data were collected, stored and analyzed at GfK. The analysis was performed using IBM SPSS statistics.
RESULTS

Participating Physicians and their Patients
A total of 1086 physicians (428 GPs, 356 neurologists, 151 geriatricians, and 151 psychiatrists) were interviewed and 3346 PRFs were submitted. The participating physicians were predominantly male (76%), working in a practice (solo practice: 24%; single-specialty group practice: 18%; multi-disciplinary group practice: 23%; center for geriatric care: 3%; and hospital: 32%) within large urban centers (46%) or suburbs (33%). They had been board certified for a mean of 17 years at the time of study initiation. Overall, the majority of physicians were the current key medical point of contact for their patients with AD and caregivers (85%). In the event of disease progression, for the majority of patients, the physicians remained the key point of medical contact (GPs, 55%; geriatricians, 62%; psychiatrists, 69%; neurologists, 73%) over the course of the disease.
As detailed in Table 1 , physicians reported that they each saw on average 398 patients per month. Of these patients, 69 (17%) had AD. The highest number of patients seen per month per physician was in Germany (446) and the lowest in the UK (336). As anticipated, there were country-specific differences in the number of patients with AD seen by various specialties (Table 1) . While a large portion of patients with AD (35%) were seen by geriatricians in France, 40% of patients with AD were seen by psychiatrists in the UK.
The largest portion of patients presenting to physicians were in the mild to moderate stage of AD (GPs, 59%; geriatricians, 59%; psychiatrists, 62%; neurologists, 63%).
AD Diagnosis
Globally, physicians reported that they diagnosed 66% of their patients with AD themselves. However, some differences were observed on a country-specific level; physician survey data showed that Japanese physicians (across all specialties) were involved in the initial diagnosis of 75% of their patients, compared to only 54% of cases for physicians in the UK. Split by specialty, GPs, geriatricians, neurologists, and psychiatrists were involved in AD diagnosis in 59%, 61%, 75%, and 68% of cases globally, respectively.
Analysis of the PRF data showed that globally, approximately half of patients (51%) were diagnosed within 6 months of presenting with first symptoms. As depicted in Fig. 1a , there were large country-specific differences. In Japan, 45% of patients were diagnosed within 3 months and 65% within 6 months of presenting with symptoms. In Germany, the USA, and the UK, approximately half of patients were diagnosed within 6 months after presenting with symptoms to physicians (55%, 53% and 47%, respectively). Only 12% patients were diagnosed within 3 months and 35% within 6 months in France. The percentage of patients with diagnosis taking more than 9 months was highest in France (39%) and lowest in Japan (16%). Split by specialty, longer time to diagnosis was reported more often by neurologists (32% of patients) than by other specialties (20-28% of patients) (Fig. 1b) .
Concerns raised by the patient's non-professional caregiver/family member, either during a routine visit (24%) or during a visit requested because of a recognized change (22%) were the most common triggers leading to AD diagnosis ( Fig. 2a) . Globally, physician's suspicion of AD during a consultation triggered the diagnostic process in only 20% of cases. On a country-specific level, physician suspicion of AD was reported most frequently in Germany Fig. 2 Reasons that lead to AD diagnosis, globally and by country (a) and by specialty (b) (N = 1086). AD Alzheimer's disease, GPs general practitioners, n number of physicians (26%). In Japan, physicians reported that a sizeable percentage of patients were referred to them by another colleague (23%), whereas referral was relatively low in other participating countries (14-17%). There was a substantial difference by specialty in the proportion of patients referred by another colleague, with 26% of neurologists and only 8% of GPs reporting this as a trigger for AD diagnosis (Fig. 2b) .
On average, the most frequently stated tool used to confirm AD was the Mini Mental State Examination (48% of physicians). Magnetic resonance imaging (MRI, 29%) and routine test/ blood work/laboratory tests (13%) were also reportedly used to confirm diagnosis. It was found that only 10% of physicians reported that input from caregivers or family members provided an important source of data confirming AD diagnosis.
Diagnostic tool preference differed among countries and specialties. For example, 25% of physicians in France reported using the neuropsychiatric inventory, compared with 1-9% of physicians in other countries. Japanese physicians favored the Hasegawa Dementia Scale (58%). MRI is more commonly used by neurologists (53%), compared with other specialties (16-21%). Similarly, neurologists reported using the neuropsychiatric inventory more frequently (21%) than other specialties (2-7%).
DISCUSSION
Alzheimer's disease is a growing public health concern associated with both psychosocial and economic burden. Timely detection and diagnosis of AD allows for early initiation of treatment, before functional competencies of patients are significantly deteriorated by cognitive decline, therefore enhancing the quality of life of the patients and their caregivers [4, 8, 16, 20] . Additionally, patients who are diagnosed in the mild stages of AD may be better able to take part in the future planning of their affairs alongside their families or caregivers [8] . The main goal of AD management is keeping patients in their home setting for as long as possible, therefore timely diagnosis and initiation of AD-specific treatment is crucial.
It is recognized that the insidious onset of AD makes diagnosis difficult. Indeed, disease is frequently unrecognized or diagnosed late in its course [21] [22] [23] , as initial symptoms may not become apparent during routine examination [24] . Another area of delay is the time taken to reach AD diagnosis after first contact with a physician [25] and has previously been reported to take 12 months or more [26] . Results of the present study, from over 1000 physicians, extend these findings, as it was observed that a substantial proportion of patients still do not receive AD diagnosis until many months after presenting to a physician. Findings from France were particularly striking, with a high proportion of patients waiting more than 9 months to receive an AD diagnosis. It is acknowledged that the accurate diagnosis of AD is a step-wise process that requires time. However, a 9-month delay in diagnosis results in lost opportunities for the patient and their family when therapy could have been initiated. In addition, such a delay in diagnosis does not reflect best healthcare practice.
Concerns raised by the patient's non-professional caregiver or family member were the most common trigger for diagnosis in this study, which is consistent with previous studies [27, 28] . Surprisingly, suspicion of the physician, based on clinical signs and symptoms displayed by the patient, initiated the diagnostic process in only a fraction of cases. Some symptoms of AD, such as forgetfulness, can be quite common among the older adult population and therefore it can be difficult to differentiate between normal age-related change and AD. Findings from a survey of 1480 caregivers of patients diagnosed with AD [29] suggest that not only caregivers but also physicians may lack an understanding of the differences between memory processes in aging and AD [29] . Indeed, a survey of physicians across Europe revealed that GPs as well as specialists have difficulty identifying early symptoms, which consequently impacts the time taken to reach a diagnosis [23] .
Limitations of this study include the potential ambiguity of the questionnaire data, as it was based on the physician's recollection. Similarly, as the PRFs were completed by the physician and were not checked for accuracy by another expert, there could also be a risk of selection bias in the completion of the forms. In addition, the sample of patients with AD in this study may not be representative of the wider patient population. The data pertaining to diagnosis tools used by physicians must also be treated with caution as this was an open-ended question: there may have been physicians who did not use any of the tools listed. The disease stages (e.g., mild, moderate) used in clinical research and in the PRFs used in this study are not definitive terms recognized in clinical practice, and thus were estimated by the physician. Data analysis was therefore performed for all stages of the disease combined. Furthermore, as the focus of this study was on AD, specifically not including other types of dementia, further investigation regarding these subtypes is something that may be considered for future work.
One potential confounding factor in this study is the different healthcare systems within each of the participating countries. Although each of the five countries is considered to be well developed and the treatment guidelines are similar across each country, our survey observed large country-specific differences. For example, in Japan, almost half of patients with AD were diagnosed within 3 months of presenting with symptoms. However, in Germany, the USA, and the UK, time to diagnosis was longer, with approximately half of patients being diagnosed within 6 months; this proportion was even lower in France. This is in line with previous work by Wilkinson et al., who reported delays in the diagnosis of AD in European countries, particularly the UK [23] . The authors of this study speculated that in the UK this may be due to a belief among physicians that referrals for specialist care should only be given to patients with acute or serious disease, with the aim of protecting resources [23] . Indeed, there are many extrinsic factors that may determine whether a patient's AD is considered to be serious, such as the level of concern raised by the caregiver. It has also been suggested that European countries are restricted in terms of accessibility to diagnostic tests and a lack of government funding in resources for patients with dementia [24] . This may help to explain the variation in the preference for diagnostic tools across the different countries in the current study.
Another point to consider regarding healthcare systems in each participating country is the influence of insurance programs versus government-run systems. In this study, the time taken to reach a diagnosis was notably longer in the European countries, where healthcare is largely funded by the government. The delay in diagnosis of AD in these countries may therefore be partly due to financial constraints. This may also be a factor in the USA, where the majority of patients with AD are likely to be under the federal health insurance program known as Medicare. Non-financial factors may also be influencing the delay in diagnosis. A previous study conducted in California reported several barriers to care in patients with dementia, some of which included insufficient time for the patient-physician consultation, low reimbursement, difficulty in accessing and communicating with specialists, and lack of interdisciplinary teams [30] . In Japan, where patients are required to accept responsibility for a fraction of their healthcare costs and the government funds the rest, the delay in AD diagnosis was shorter than in the other countries. The shorter time to diagnosis could suggest that physicians in Japan more often work as part of interdisciplinary teams than physicians in the other countries, which means that they are able to reach a diagnosis earlier. A finding from our study in support of this was that Japanese physicians (across all specialties) were involved in the initial diagnosis of three-quarters of their patients, whereas in the UK approximately only half of physicians were involved.
Our survey showed that the process of diagnosing AD remains suboptimal even in more developed countries. It was found that a significant proportion of patients remained undiagnosed for a considerable number of months after presenting to a physician. Benefits of timely diagnosis have been recognized [24, 26, 31] , as plans for the future can be made while the patient is still able and timely initiation of AD-specific treatment can help to delay cognitive deterioration and a potential decline into frailty [14] , and improve daily functioning of the patient, while reducing caregiver burden. These aspects are critical in helping to keep patients at home for as long as possible, which is the main goal of AD management.
CONCLUSIONS
To overcome barriers to timely diagnosis, tailored physician educational activities, public awareness campaigns and execution of the updated national dementia guidelines and strategies [32, 33] are urgently needed. A number of new and ongoing initiatives that aim to improve diagnosis timelines are underway [34] [35] [36] . Although the impact of these initiatives remains to be demonstrated, increased awareness among physicians and the general public on the benefits of timely diagnosis and initiation of the AD-specific treatment should give hope to patients and their families and ultimately improve patient outcomes.
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